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INFRARED IMAGING SYSTEM 
EMPLOYING ON-FOCAL PLANE 
NONUNIFORMTTY CORRECTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to infrared detection systems 
and imaging systems. More particularly, the present inven- 
tion relates to infrared detection and imaging systems 
en^loying either noncooled or cryogenicaily cooled focal 
plane arrays. 

2. Description of the Prior Art and Related Mormation 
Infrared imaging systems have a variety of applications 

ranging from military applications to commercial applica- 
tions such as home and business surveillance systems and 
manufacturing inspection systems. While military applica- 
tions have been driven by a desire f of high performance with 
less enq)hasis on cost, the rapidly developing commercial 
applications require good performance at reasonable cost 
along with good reliability. Therefore, maximizing these 
various aspects of an infrared imaging system is a key to 
creating a commercially viable product Nonetheless, sig- 
nificant problems arise in achieving this goal since tradeoffs 
are required between performance, cost and reliability. Sudi 
considerations typically involve the two key components of 
an infrared imaging system: the infrared detector itself and 
the readout circuitry for converting the detector signals to 
image data which may be effectively processed into a high 
quality image. 

One approach to infrared detector design eir^loys a 
so-called focal plane array composed of a large number of 
detector elements arranged in a two dimensional array. An 
infrared focusing lens is en^loyed to focus the incident 
infrared energy into an image on the array of detector 
elements. Thus, the detected infrared energy at each detector 
element in the focal plane array corresponds to a picture 
element (pixel) of the infrared scene to be imaged. The focal 
plfine array will typically have a relatively large number of 
individual elements, or pixels, the number being related to 
the image quality. 

To minimize manufacturing costs and to maximize uni- 
foirmity of the detector elements in the focal plane array, it 
is highly desirable to form the array of detector elements on 
a single monolithic integrated circuit Each element in turn 
most be biased to give a suitable detection signal and each 
detection signal must be separately read out Since the 
integrated circuit chip in which the detector elements are 
formed is typically quite small, the readout wiring can 
become a problem due to space availability on the chip and 
pinout constraints. To accommodate these considerations, 
some type of intelligent readout circuitry is typically pro- 
vided on the focal plane array itself. The form in which the 
readout circuitry is integrated with the focal plane array 
detector will depend upon the specific detector array struc- 
ture. 

For cryogenicaily cooled focal plane array detectors 
employing photoconductor or photovoltaic detection, the 
Kiadout circuitry is typically formed in a separate integrated 
djcuit which is *1>ump bonded" to the detector integrated 
circuit to form a single hybrid detector/readout structure. An 
alternate approach incorporates the detector and flie readout 
circuitry in a monolithic integrated circuit. Such monolithic 
structures may be used, for example, for microbolometea: 
infrared detector arrays. In microbolometer infrared 
detectors, the incident infrared energy is detected by mea- 
suring a change in resistance in the microbolometer caused 
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by a temperature increase or decrease due to the incident 
infrared energy. In a monolithic microbolometer array, an 
array of separate microbolometers is formed on top of a 
readout integrated circuit which acts as a support substrate. 

5 A consideration which is extremely important for maxi- 
mizing the quality of the output image from a focal plane 
array infrared detector is con^ensating for nonuniformity in 
the individual detector elements in the array. Whereas ide- 
ally a uniform temperature scene directed to the focal plane 

10 array would produce a completely uniform output at each 
pixel, in practice, the output of the individual detector 
elements may vary by a significant percentage of the average 
output level. When an actual scene is detected, such detector 
element nonuniformity can significantly degrade the image 

15 quality or even con^>letely mask the actual image. This 
degrading of the image due to detector element nonunifor- 
mity is sometimes called spatial or fixed pattern noise. 

Although any focal plane array infrared detector will have 
variation in the average or DC response of the individual 
detector elements, and hence suffer from fixed pattern noise, 
this problem is particularly severe in the case of microbo- 
lometer focal plane arrays and specifically focal plane arrays 
employing microbridge-type microbolometer detector ele- 
ments. Such nonuniformity problems are due in part to the 
fact that the above noted microbolometer detectors are 
adapted to operate at noncryogenic (i.e., noncooled) tem- 
peratures as opposed to the cryogenically cooled photocon- 
ductor and photovoltaic type detectors. Also, the fabrication 
technology employed in microbridge microbolometer detec- 
tors inherently introduces higher degrees of nonuniformity 
than is present in cryogenicaUy cooled detection systems. 

The problem of nonuniformity in the detector elements is 
directly related to issues of manufacturing throughput and 
cost. That is, if very high uniformity is required for the 
detector arrays to ensure good image quality, the number of 
focal plane arrays which must be rejected will increase on 
average. This in turn reduces throughput, increasing per unit 
costs. Therefore, it is generally preferable for nonuniformity 

^ to be tolerated by virtue of coii^)ensation in the detector 
electronics rather than controlling nonuniformity during 
detector array fabrication. 

In prior art ajpproaches to compensating for the nonuni- 
formity in infrared focal plane arrays, and in particular in 

45 microbolometer infrared focal plane arrays, the nonunifor- 
mity has been corrected utilizing digital signal processing 
electronics configured on a separate integrated circuit, nor- 
mally separate printed circuit board, from the focal plane 
array itself. Since the detected signals from each element of 

50 the array are typically quite small, they must be amplified by 
a relatively large gain before being routed off-chip, and of 
necessity before analog-to-digital conversion. As a result, 
the DC offsets due to detector nonuniformities are also 
amplified by a relatively large gain. This requires the analog- 

55 to-digital converter to have an extremely large dynamic 
range in order to accommodate the large signal range caused 
by the aii^)lified detector element nonuniformities. Such 
high resolution analog-to-digital converters, however, add 
cost to the system electronics. 

60 Also, the larger signal range requires the entire digital 
signal processing electronics to accommodate a larger over- 
all bit value, further increasing the system cost. Also, since 
the image data for eadi pixel must be separately compen- 
sated for offsets due to nonuniformities at the scan rate of the 

65 array, very high bandwidth electronics are required to per- 
form the digital offset ejection. This, in turn, adds further 
cost to the systenL 
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AltOTatively, the s^nal dynamic range of the detector 
may be artificially limited or fee amount of amplification 
provided to the detector signal prior to analog-to-digital 
conversion restricted. Both these alternatives have 
disadvantages, however, in that the image quality and/or 
signal-to-noise ratio are reduced. 

Accordingly, it will be appreciated that a need presently 
exists for a way to reduce tfie effects of nonuniformities in 
in:6:ared focal plane arrays and to thereby increase image 
quality in a focal plane array imaging system. It will furthex 
be appreciated that a need presently exists for such a solution 
wliich does not add significantly to the cost of the overall 
infrared imaging system and which is compatible with the 
processing constraints of hybrid or monolithic focal plane 
anrays. 

SUMMARY OF THE INVENTION 

The present invention provides a solution to the above 
noted problems by providing an infrared focal plane array 
detection system employing on-focal plane nonuniformity 
correction which compensates for the inherent nonunifor- 
mities in the detector elements forming the focal plane array. 
This allows nonuniformities in the detection signal outputs 
from the individual detector elements in the focal plane 
array to be compensated prior to the amplification necessary 
foir further signal processing. Tliis in turn provides improved 
image quality as well as reduced cost in the signal process- 
ing circuitry by avoiding the necessity for expensive high 
resolution analog-to-digital converters and associated digital 
offset correction processing. Additionally, greater nonuni- 
fojrmities in detector arrays may be tolerated increasing 
yields, and hence reducing cost, of an array manufacturing 
process. 

More specifically, the present invention provides an infra- 
red imaging system comprising an infrared focal plane array 
having a plurality of infrared detector elements arranged in 
an array, and a readout circuit electrically coupled to the 
plurality of detector elements. The readout circuit includes 
means for biasing the plurality of detector elements so as to 
provide separate detection signals corresponding to each 
detector element in the array in response to incident infrared 
radiation and means for sq)arately correcting offsets in the 
detection signals provided from the plurality of elements in 
the detector array to compensate for nonuniformities in the 
detector elements. The corrected detection signals are pro- 
vided as an ou^ut of the focal plane array. The imaging 
system further includes means for storing a plurality of offset 
correction values, corresponding to the plurality of detector 
elements, and means for providing the offset correction 
values to said means for correcting. The means for correct- 
ing may thus employ the offset correction values to sepa- 
rately correct for offsets for each detector element The offset 
correction values may preferably be binary values and the 
means for storing may be a digital memory. A separate 
binary offset correction value may tiius be stored for each 
detector element in the array. 

In a furdier aspect of the present invention, the means for 
correcting may conq)rise a correction circuit including a 
plurality of parallel connected circuit elements, and means 
for selectively electrically connecting said circuit elements 
into the detector readout circuit in response to said stored 
offset correction values. The plurality of parallel connected 
circuit elements may comprise a plurality of capacitors or 
constant current sources. TTie means for selectively connect- 
ing may comprise a plurality of switches, equal in number 
to the plurality of parallel connected circuit elements and 
connected in saies therewith. 
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In a further aspect of the present invention, where the 
plurality of detexrtor elements are arranged in a plurality of 
rows and columns, the means for correcting may comprise 
a separate offset correction circuit for each column which 
5 circuit performs correction for all the detector elements in 
the column in a time multiplexed manner. The means for 
providing the offset correction values provides said offset 
correction values in a time multiplexed manner to the 
correction circuits. This may reduce the amount of readout 
circuitry required. 

Further advantages of the present invention wiU be appre- 
ciated by consideration of a specific preferred embodiment 
of the present invention described below, 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 FIG. 1 is a block schematic drawing of an infrared focal 
plane array imaging system in accordance with the present 
invention. 

FIG, 2 is a block schematic drawing of the focal plane 
array shown in FIG. 1, in accordance with the present 
20 invention. 

FIG. 3A is ai schematic drawing illustrating the readout 
cell drcuitry associated with a single pixel of the focal plane 
array of KEG. 2 in accordance with a preferred embodiment 
of the present invention employing current biasing of a 
25 microbolometejr detector element 

FIG. 3B is the readout circuit of FIG. 3A further including 
an offset correction circuit in accordance with the present 
invention. 

FIG. 3C is the readout circuitry of FIG. 3B further 
including an amplification circuit in accordance with the 
present invention. 

FIG. 4 is a schematic drawing illustrating a preferred 
embodiment of the readout circuit of the present invention 
incorporating a column multiplexed offset correction circuit 
as employed with a focal plane array of microbolometer 
detector elements. 

FIGS. 5A-5K and 6A-6G are timing diagrams illustrating 
the timing signals en^loyed in the readout circuit of FIG. 4. 

FIG. 7 is a graphical representation of an example of 
offset correction provided for several pixels of the focal 
plane array in accordance with the present invention. 

FIG. 8 is a schematic drawing of a layout of the focal 
plane array and readout circuitry in accordance with the 
45 preferred embodiment of the present invention. 

FIG. 9 is a schematic drawing of a MOSFET current 
source biasing circuit employed in the readout circuit of 
FIGS. 3A-3C and 4 in accordance with the present inven- 
tion. 

50 FIG, 10 is an alternate embodiment of the offset correc- 
tion circuit illustrated in FIG, 3 employing a network of 
fixed current sources, 

FIG. 11 is a sdiematic drawing of another alternate 
embodiment of the offset correction circuit of FIG, 3 

55 employing a network of fixed current sources switchabiy 
connected between the voltage source and the microbolom- 
eter detector element 

FIG. 12 is yet another alternate embodiment of the 
uniformity correction circuit of the present invention 

^ employing voltage biasing of the microbolometer detector 
elements. 

DETAILED DESCRIPTION OF THE 
INVENTION 

65 Referring to FIG. 1, a block schematic drawing of an 
infrared focal plane array imaging system in accordance 
with the present invention is illustrated. 
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As shown, the principal components of the infrared imag- 
ing system include focal plane array 10, detector array 
interface circuit 12, focal plane sensor controller 14, and 
display processor 16. Incident infrared (JR) radiation is 
focused onto the focal plane array 10 via JR lens 18. It will 
be appreciated that the relative size of lens 18 and focal 
plane array 10 are not shown to scale in FIG. 1 as lens 18 
will be adapted for the spedfic application and may vary in 
size over a wide range and will typically be substantially 
larger than the focal plane array 10. 

The focal plane array 10 preferably employs an array of 
detector elements farmed in a two dimensional array, cor- 
responding to the pixels of the image data. The array of 
detector elements is structurally integrated with a readout 
circuit, described in more detail below, to form a combined 
detector/readout structure. 

Focal plane array 10 may preferably employ an array of 
microbolometer detector elements formed directly on a 
readout circuit IC acting as a substrate, to form the combined 
detector/readout structure. In particular, a micromachined 
microbolometer infrared detector array of the type described 
in U.S. Pat No. 5300,915 to Robert E. Higashi, et al., the 
disclosure of which is incorporated herein by reference, may 
be formed directly on top of a readout integrated circuit 
substrate. In the detector array of the '915 patent each 
microbolometer detector element includes a microbridge 
structure made from silicon nitride and a detector material 
deposited thereon which has a resistivity which varies 
generally inversely with the temperature of the material. In 
particular, vanadium oxide may be employed for such 
microbridge detector material. The ten^)erature of this 
detector material, in turn, is altered by incident infrared 
radiation being absorbed by the silicon nitride microbridge. 
Such a microbridge structure has advantages in that the 
detector material is thermally isolated from the substrate and 
thus is less sensitive to temperature variations in the sub- 
strate unrelated to incident infrared radiation. The process- 
ing of such microbridge structures can place constraints on 
tiie readout circuitry, however, as it generally requires that 
the readout circuitry be fabricated employing a planar topog- 
raphy for each readout unit ceU. The focal plane array 10 
will preferably be configured on a support such as a ceramic 
substrate coafigured inside a vacuum chamber. Also, a 
thermoelectric cooler is preferably provided (not shown) to 
stabilize the temperature of the readout substrate. 

Alternatively, focal plane array 10 may en^loy a hybrid 
detector/readout structure employing photovoltaic or pho- 
toconductor detector elements. The hybrid structure may be 
achieved via indium bump bonding of separate detector and 
readout ICs as described in U.S. Pat No. 5,264,699 to 
Jeffrey Barton, et al., the disclosure of which is incorporated 
herein by reference. An alternate approadi to formation of 
such a hybrid structure is described in U.S. Pat. No. 5308, 
980 to Jeffrey Barton, the disclosure of which is also 
incorporated herein by reference. Other hybrid structures 
may also be en^)loyed and include configurations with a 
detector integrated circuit and a readout integrated circuit 
independently bump bonded to a **fanout** substrate to form 
a structurally integrated hybrid structure. Also, a so-called 
vertically integrated photodiode hybrid structure may be 
en^loy«l which employs metal feedthrough contacts which 
connect a detector structure formed on a readout integrated 
circuit substrate to the circuitry in the readout integrated 
circuit Such photovoltaic and photoconductor focal plane 
arrays typically must be <^rated at cryogenic temperatures 
and a cryogenic cooling system (not shown) must therefore 
be provided 
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The output of focal plane array 10, which provides the 
detection signals corresponding to each pixel of the array, is 
provided on one or more output lines 20. The output signals 
are preferably tttne multiplexed to reduce the number of pins 

5 required. The electrical inputs to focal plane array 10 in turn 
are the biasing signals needed to bias the detector elements 
and drive the readout circuit and timing signals to control the 
readout of signals from the array. As discussed in more detail 
below, such timing signals may preferably include a master 
clock signal, a FRAME SYNC signal provided once per 
frame and a LINE SYNC signal. These timing signals and 
electrical biasing inputs are illustrated by lines 22 and 25, 
respectively, in FIG. 1. Focal plane array 10 also receives 
digital offset correction signals provided along line 23 which 
allow individual correction of offsets due to nonuniformities 

15 in each detector element of the array, as will be discussed in 
more detail below. 

Detector array interface circuit 12 receives the analog 
detection signals provided from focal plane array along line 
20 corresponding to each pixel of the array. I>etector aaay 

20 interface circuit 12 performs any analog filtering or other 
analog conditioning which may be desired on the analog 
detection signals provided along line 20 and then performs 
an analog to digital conva"sion to form a desired number of 
bits of image data for each pixel of the array. For example, 

25 12 bits of image data for each pixel is presently preferred for 
a moderately priced infrared camera for commercial appli- 
cations. It will be appreciated, however, that additional 
image quality may be achieved by increasing the number of 
bits of resolution at a corresponding cost Since the detection 

3Q signals provided along line 20 are preferably in the form of 
time multiplexed signals for each pixel, for example pro- 
vided on a row-by-row basis, the detector array interface 
circuit will analog-to-digital convert such signals on a 
corresponding time multiplexed basis and read the pixel 

35 image data into a buffer memory. For example, a comma:- 
cially available RAM of suitable size (i.e., having storage 
capacity equal to the number of pixels in the array times 
nuniber of bits per pixel) may be employed. 

After storage in the buffer memory, additional digital 

40 conditioning may be performed on the raw image data, tf 
desired for the particular application and the associated cost 
and performance required. The digital processed image data 
is then provided along in parallel form along lines 24 to focal 
plane sensor controller 14. For example, the image data may 

45 be provided in N bit parallel fashion, where N is the number 
of sample bits for each pixel. Alternatively, the image data 
may be provitled in a serial fashion to focal plane sensor 
controller 14. 

As noted above, detector array interface circuit 12 also 

50 provides the ^propriate analog biasing voltages (and/or 
currents) along lines 25 to focal plane array 10. Accordingly, 
detector array interface circuit 12 includes the appropriate 
bias signal generating circuitry. The analog-to-digital con- 
version circuitry, buffer memory, and biasing circuitry 

55 en^loyed in detector array interface circuit 12 may be 
conventional in nature and accordingly are not described in 
more detail herein. Since the detector array interface circuit 
12 will include a number of discrete components in a 
presently preferred embodiment, it is preferably formed as a 

60 printed circuit board. It will be ap|M:eciated, howeva, that 
alternate embodiments may also be en^loyed such as dis- 
crete components mounted in another manner or a suitable 
VLSI circuit incorporating both analog and digital 
capabilities, for exan^)le, in a so-called BiCMOS architec- 

65 ture. 

Still referring to FIG. 1, the focal plane sensor controller 
14, as its name suggests, provides intelligent control of the 
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focal plane array 10. In particular, during initial calibration 
of the focal plane array and optional subsequent calibrations, 
the uniformity in ttie individual detector elements in the 
focal plane array 10 is detected and digital offset correction 
coeffiLcients stored in offset coefficient memory 26. The use 
of such offset coefficients will be discussed in more detail 
below. 

Microprocessor 28 is preferably provided to monitor 
operation of the focal plane array as well as to perform 
optional periodic uniformity offset calibrations as well as 
other optional calibrations, under control of the user. Also, 
microprocessor 28 may implement various diagnostic and 
test routines for periodic testing of the focal plane array 10 
and/or for deterraimng tfie nature of any problems which 
may occur during operation of the infrared detection systerau 
The control programs for microprocessor 28 are stored in a 
nonvolatile memory illustrated by ROM memory 30 shown 
in FIG. 1. The offset coefficient memory 26 in turn is 
preferably a writable nonvolatile memory such as an elec- 
trically erasable programmable read only memory 
(EEPROM) or battery supplied RAM. 

The focal plane sensor controller 14 also includes a 
random access memory (RAM) 32 for receiving tiie digital 
image data provided along lines 24 from the detector array 
interface circuit 12 and storing the data while microproces- 
sor 28 performs any calibration or diagnostic calculations on 
such data in accordance with the diagnostic or calibration 
microprograms described above. 

As further shown in FIG. 1, the focal plane sensor 
controller includes focal plane timing generator 46. Timing 
generator 46 generates the master clock signal as well as the 
focal plane readout timing signals, FRAME SYNC and 
ONE SYNC. These timing signals are provided along line 
48 to interface circuit 12, The timing generator also provides 
these timing signals to control readout of the offset coeffi- 
cient memory in syndironism with the readout of the focal 
plane array. The uniformity offset coefficients are thus 
provided in parallel form along lines 34 to detector array 
interface circuit 12, which provides the coefficients along 
lines 23 to the focal plane array 10, in synchronism with the 
appropriate timing signals to control readout and simulta- 
neous offset correction as described in more detail below. 

It will be ^predated that focal plane sensor controller 14 
wOl include a number of discrete conq)onents and therefore 
is preferably iiiq)lemented in a printed circuit board. Alter- 
native implementations are also possible, however, includ- 
ing discrete components mounted in another manner. 

Still referring to FIG. 1, display processor 16 receives the 
distal image data provided along lines 36 in parallel form 
from the focal plane sensor controlla: 14, Display processor 
16 may provide any number of known processing functions 
on the image data under user control including zoom, 
contrast, brightness, image enhancement (such as noise 
reduction processing), etc. The image data is then converted 
to a conventional raster scan analog signal and provided to 
a system display along line 38. If the system is a handheld 
infrared camera, such as commonly employed for surveil- 
lance applications, the system display may simply be a 
viewfinder. A second output fcx the video image signal is 
also provided, as illustrated by line 40, which may be 
provided to a video t^e recorder, second display or other 
device and may preferably be a standardized video interface 
for analog video signals. An additional digital video inter- 
face may optionally be provided, as indicated by line 42, for 
providing digital image data for additional digital 
processing, storage or display. 
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The control s^nals provided along line 44 are responsive 
to input by tiie usa: of the IR imaging system. Display 
processor 16 may include user qperable inputs, for example, 
push buttons or the like, for selectii^ various operational 
5 modes which in turn will cause appropriate control signals 
to be provided along line 44. Since tfiese various functions 
of display processor 16 may be conventional in nature, no 
further description is provided of such functions herein. 
Display processor 16 will preferably be implemented as a 
number of discrete components mounted on a printed circuit 
board inside a housing having the associated controls and 
interface. 

It will be appreciated by those skilled in the art that the 
partitioning of the above noted functions into the functional 
blocks 10, 12, 14 and 16 miay be varied with the particular 
application and the space requirements and performance 
requirements of the overall system. For example, the offset 
coefBcient memory 26 described above as being configured 
as part of the focal plane sensor controller 14 may also be 
configured in the detector array interface circuit 12 or on ^e 

20 focal plane array 10, space constraints permitting. Also, 
while the analog-to-digital converter circuitry has been 
described as being located in the detector array interface 
circuit 12, such circuitry may also be located on focal plane 
array 10, space constraints permitting. Furthermore, various 

25 signal processing functions described as being located in the 
detector array int(aface circuit 12 may be provided directly 
on the focal plane array 10, space constraints permitting. 
Additionally, it will be appreciated that various other circuits 
and functions described above in relation to the various 

3Q functional blocks 10, 12, 14 and 16 may be altered given the 
specific space, performance and cost constraints of the 
particular application of the infrared imaging system. 
Furthermore, while the focal plane array 10, detector array 
interface circuit 12, focal plane sensor controller 14 and 

35 display processor 16 have been described as being config- 
ured on separate printed circuit boards, it may be possible in 
certain applications to combine the circuitry onto fewer, or 
even one printed circuit board. 
Also, it will be appreciated that certain circuitry may be 

40 combined to increase efSciency or to lower cost in certain 
applications. For example, while detector array interface 
circuit 12 has been described above as including a RAM 
memory having capacity to hold an entire frame of pixel 
data, it may be adequate to reduce the size of such memory 

45 and instead employ RAM 32 for buffering entire frames of 
the image data. Alternatively, a single RAM memory 32 may 
be employed with a portion thereof partitioned and allocated 
for use by the detector array interface circuit 12, especially 
if the circuitry 12 and 14 are configured on a single printed 

50 circuit board allowing a single RAM memory to be shared. 
Similarly, if the microprocessor 28 has associated therewith 
a nonvolatile memory, such as a battery operated RAM 
memory for staring information when the main power 
supply is not oporating, such nonvolatile memory could also 

55 be used to store die offset coefficients indicated as being 
stored in separate memory 26. Jt will be appreciated that a 
variety of other modifications in the arrangement and func- 
tional breakdown of the circuitry may also be provided in 
accordance with a variety of design considerations sudi as 

60 space, cost, perfomaance and the requirements of the specific 
application and the above described arrangement is merely 
illustrative in nature. 

Referring to FIGS. 2 and 3A, 3B and 3C, the readout 
circuitry of the focal plane array 10 in accordance with flie 

65 present invention is described in more detail. 

FIG. 2 illustrates a focal plane array 10 of pixels arranged 
into an array of M columns and N rows. The readout circuit 
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includes a plurality of readout ceils 100, MxN in number, 
corresponding to each pixel The individual readout cells 
illustrated in FIG. 2 are read out by a plurality of column and 
row address lines 102, 104, respectively. Thus, as illustrated, 
a plurality of column address lines 102 provide respective 
column select (CS) signals CS^, CS2 . . . CS^^, corresponding 
to each column of the MxN array, to corresponding switches 
110. Similarly, a plurality of row address lines 104 provide 
respective row select (RS) signals RS^, RS2 • - - RS^r 
corresponding to the N rows of the MxN focal plane array 
to row select switches 112. The column select and row select 
signals are strobed so as to read out the individual readout 
cells 100 in a desired manner, for example, in a raster scan 
row-by-row readout pattern or any other desired readout 
sequence. The output from each readout cell 100 is thus 
provided in a time multiplexed manner to serial output line 
20 illustrated in FIG. 1 and described above. 

The individual column select and row select signals are 
provided by column select logic 116 and row select logic 
118, respectively. As shown, the column select logic 116 and 
row select logic 118 both receive the timing signals 22 and 
provide respective column select signals CS^-CSv^/ and row 
select signals RS^-RS^. More specifically, the timing sig- 
nals include a master clock signal (MSTR CLK), FRAME 
SYNC signal and LINE SYNC signal as shown in FIG. 2. 
The FRAME SYNC signal is generated once per frame, i.e., 
at the start of the readout of the entire focal plane array, and, 
e.g., signifies the start of the readout of the cell correspond- 
ing to pixel 1. The LINE SYNC signal is provided at a 
period corresponding to the time to readout a single row of 
readout cells illustrated in FIG. 2. The CS and RS signals 
may be sinq)ly derived from the FRAME SYNC and LINE 
SYNC by counting MSTR CLK signals and LINE SYNC 
signals, respectively. The operation of such column select 
logic and row select logic may be conventional in nature and 
accordingly will not be described in more detail herein. 

The readout of the individual readout cells 100 may 
preferably be provided in a multiplexed manner. For 
exair^le, as illustrated, the readout cells 100 may be mul- 
tiplexed through output multiplexer (MUX) logic 120 and 
associated ou^ut buffers 106 and ou^ut switches 122. The 
output MUX logic 120 in turn receives the focal plane array 
timing signals 22, i.e., MSTR CLK, FRAME SYNC and 
LINE SYNC and generates output multiplex control signals 
SELECT^, SELECTj . . . SELECTjj, which are provided to 
respective output switches 122. The signals 
SELECT i-SELECr^ may be derived in the same manner 
as the column select signals CSi-CSjj^ described above, for 
example, cOTesponding to such signals with a slight delay 
suitable to allow the ou^uts of the readout cells 100 to 
stabilize before the output is selected for readout from the 
circuit Alternatively, the buffers 106 allow the signals 
SELECT and the CS signals to be independent from one 
another, for exan^)le, several columns may be simulta- 
neously enabled by the column select signals CS with the 
SELECT signals being en^loyed along with buffers 106 to 
control the rapid multiplexed reading out of an entire row. 
The signals SELECTi-SELECTj^^ control the individual 
output buffer 106 which is read out of the array indepen- 
dently of the individual readout ceU activated. This gives 
considerable flexibility in the manner of reading out tiie 
array illustrated in FIG. 2. 

Although the embodiment illustrated in FIG. 2 en^loys 
shared readout circuitry for each column, adapted for a row 
format of readout, it will be appreciated that a column 
format of readout may equally be employed. In that case, 
common readout circuitry would be shared by detector 
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elements on each row and the pixel output read out in a 
column raster format 

Still referring to FIG. 2, compensation for nonuniformi- 
ties in the detector elements in each pixel can be achieved by 

5 offset correction circuitry in each readout cell 100, described 
below, controlled by offset correction logic 130. As 
illustrated, the offset correction logic 130 receives the master 
timing signals 22, i.e., MSTR CLK, FRAME SYNC and 
LINE SYNC, as well as the binary offset correction coeffi- 
cients 23. The output of circuit 130 in turn con^rises timing 
signals, illustrated in a preferred embodiment as three timing 
signals SAMPLE, S-RST, and OFFSET, provided along 
lines 132, 134 and 136 which ensure that the offset correc- 
tion circuitry is enabled in synchronism with the sampling of 

^5 the individual readout cell so that the appropriate nonuni- 
formity compensation may be achieved. In addition, the 
offset compensation logic 130 outputs the binary offset 
correction coefficients Sq-S^ on lines 138 in synchronism 
with the above noted offset con^nsation timing signals. 

2Q These signals are all provided to the individual readout cells 
(not shown for convenience of illustration in FIG. 2). 
Alternatively, as described in more detail below, the offset 
correction circuitry may be shared between a number of 
cells 100, e.g., the cells in a row or column. In sudi case, the 

25 output signals from offset correction logic 130 is provided to 
such shared circuitry. 

Additionally, the offset correction control logic 130 may 
provide an optional timing signal RST illustrated as being 
provided along line 140, for use in the optional embodiment 

3Q described below in relation to FIG. 3B. 

The timing signals SAMPLE, S-RST and OFFSET will 
generally be related to the basic array readout timing signals, 
CS, RS and SELECT and therefore may be derived from 
these signals as opposed to being independently generated 

35 by the offset correction logic 130 from the master timing 
signals 20 as illustrated in FIG. 2. Also, since the signal 
SAMPLE wiU typically be employed even without any 
offset correction logic, this signal may be supplied by 
separate logic circuitry from offset correction logic 130. 

40 Also, the offset correction coefficients Sq-S^v are preferably 
provided from the offset coefficient memory in synchronism 
with the FRAME SYNC and LINE SYNC timing signals 
and in a manner corresponding to the sequential readout of 
the focal plane array. Therefore, if such coefficients are 

45 supplied in a suitably synchronized manner with sudi timing 
signals, tiie binary offset coefficients noiay be directly pro- 
vided to the individual offset correction circuits without 
being separately synchronized with the offset timing signals 
by offset correction control logic 130 as illustrated in FIG. 

50 2. Therefore, it will be appreciated that in suitable 
circumstances, the offset correction logic 130 may be 
reduced or even dispensed with and, for exair^le, the offset 
correction control timii^ signals SAMPLE, S-RST and 
OFFSET provided by suitable delays from the column 

55 select, row select and SELECT signals with the offset 
correction coefficients Sq-Sat being supplied directiy to the 
individual offset correction circuits in each readout cell 100. 

The signals provided from buffers 106 are provided to an 
output amplifier 108 whidi provides the detector array 

60 output along line 20 as shown in FIG. 2. Although a single 
ouq)ut amplifier 108 is illustrated in FIG. 2 for sinq)licity, in 
a practical implementation, an anq)lifier 108 may be pro- 
vided for each coiunm of the array. Such an implementation 
is illustrated in FIG. 4 and described below. The reference 

65 voltage input VREF to the an^)lifier may be selected to 
normalize the average detector ou^ut to a desired value for 
a umform scene at a reference temperature. 
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The circuitry coiresponding to the plurality of readout 
cells illustrated in FIG- 2 may preferably be iiiq)lemented as 
a CMOS (Complimentaiy Metal Oxide Semiconductor) 
integrated circuit to take advantage of the low power con- 
suiiq)tion of such CMOS circuitry, which is highly desirable 
for battery powered applications, as well as the well estab- 
lished fabrication technology for such CMOS integrated 
circuits. It will be appreciated by those sldlled in the art 
however, that a variety of other circuit manufacturing tech- 
nologies may also be employed such as bipolar, NMOS, 
PMOS, and BiCMOS. Also, for more expensive high per- 
formance systems, for example, high performance military 
^plications, higher speed circuits sudi as gallium arsenide 
(GaAs) may be employed for the readout circuitry of FIG. 
2. In particular, GaAs circuits may be preferred in high 
performance applications where the readout circuitry of 
FIG. 2 is employed with an array of oyogenically cooled 
detector elements of the photoconductor or photovoltaic 
type whidi have a fast response time. 

Referring to FIGS. 3A and 3B, tiie readout cell circuitry 
corresponding to an individual readout cell 100 of FIG. 2 is 
illustrated in an implementation employing microbolometer 
detector elements. More specifically, FIG. 3A illustrates a 
readout cell enq)ioying a preferred approach to biasing of a 
microbolometer detector element while FIG. 3B illustrates 
the readout cell of FIG. 3A further including a nonunifor- 
mity correction circuit, in accordance with the present 
invention. 

Referring first to FIG. 3A an individual readout cell 100 
is Illustrated incorporating therein a microbolomet^ detec- 
tor element 200. As mentioned above, a microbolometa- 
detector is simply a temperature sensitive resistor which 
dianges its resistance in relation to the IR energy illuminat- 
ing the detector, which IR energy raises or lowers the 
temperature of the detector. Sensing the detector resistance 
(illustrated in FIG. 3A by R^^) across microbolometer 200, 
allows the incident IR energy on the detector element to be 
detected. This change in resistivity must be sensed by some 
signal, which in turn, requires biasing the detector 200 so as 
to get an output signal which varies with the resistance of 
R 

Conventionally, microbolometer detector elements have 
been biased by a fixed voltage across the detector to thereby 
provide a variable ouQ>ut current from the readout cell. This 
use of a bias voltage is due to the direct relationship between 
the bias voltage and tiie responsivity of a microbolometer 
detector element More specifically, the responsivity of a 
microbolometer detector element is given by: 

(\imts = V/W) 



T = OGth (units = sec) 



where V^,^ is the detector bias voltage; t| is the detector 
absorptivity; TCR is the detector temperature coefficient of 
resistance; G^^ is the detector thermal conductance to the 
readout IC; (O is the angular frequency; C is the thermal mass 
(heat capacity); and x is the thermal time constant This 
expression multiplied by the amount of incident IR energy 
reaching the microbolometer structure gives the voltage 
response of the detector. For a given detector design and 
fabrication, the absorptivity, TCR and thermal conductance 
are fixed and the detector responsivity is maximized by 
increasing tiie bias voltage (V^^ J across the detector. 

Although voltage biasing of the microbolometer detector 
elements is satisfactory in terms of providing a signal related 
to the incident IR energy on the microbolometer element 
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since the output signal is a current signal nonnally such 
current signal needs to be converted to a voltage signal 
before being ^converted from analog to digital form for 
subsequent signal processing. Such current to voltage con- 

5 version in turn requires additional circuitry which, if con- 
figured on the focal plane array itself, can be a disadvantage. 
On the otha: hand, if the current signal is transferred off the 
focal plane array integrated circuit prior to conversion to a 
voltage signal, then off focal plane noise may cause prob- 

10 lems in detecting very small signals. 

In the approach illustrated in FIG, 3A, a constant current 
bias (If^i^) is provided to the microbolometer element in 
place of a voltage bias. Since the voltage aaoss the microbo- 
lometer detector element 200 is given by: 

15 

and since l^^^^ is maintained constant, the change in 
microbolometer detector element 200 resistance (R^) will 
be represented by the voltage drop across the element, i.e. 

20 V^^ This signal may thus be an^Med and analog-to-digital 
converted without intorening conversion circuitry. 

More specifically, referring to FIG 3A, the readout cell 
circuitry includes a constant current source 202 which 
provides the bias current 1^,^^ One preferred in^)lementation 

25 of such a constant current source 202 will be described 
below in relation to FIG. 9 for a MOS implementation of the 
readout circuit Although the constant current source 202 is 
shown as coupled directly to the positive voltage source V^. 
in FIG. 3A, as better illustrated in FIG. 2, the readout cell is 

30 coupled to the voltage source via a column select switdi 110 
whidi Will only be activated when readout of the particular 
column in which the readout ceU 100 resides is desired. An 
additional column select switch 203 may optionally be 
provided within readout cell 100. A row select switdi 204 is 

35 also provided, which receives the row select signal (RS) 
which is activated when readout of the specific row corre- 
sponding to the readout cell 100 is desired. 

Thus, when the appropriate column select and row select 
strobes are presented, the constant current source 202 will be 

40 connected to tiie microbolometer element 200 and the row 
select switch 204 will be closed so that a voltage appears at 
node 206 corresponding to the voltage drop V^^ across the 
microbolometer element A short time after the closing of the 
column select and row select switches corresponding to the 

45 specific readout cell 100 are completed, sufficient to give 
time for the detector sample voltage to stabilize, the 
control signal SAMPLE is ^plied to sampling switch 208. 
This, in turn, causes a voltage to appear at node 210 which, 
given sufficient time to settle, will correspond to the sair^led 

50 value of the microbolometer voltage V^,. 

The sample and hold capacitor 212 is charged to V^j+V" 
Vq. It will be appreciated by those skilled in the art that the 
voltages V~ and Vq can have the same value and that these 
voltages, for the convenience of illustration, can be zero 

55 volts relative to the voltage source. The sanqjle and hold 
capacitor 212 is then diarged to the sample value of the 
microbolometer voltage This held voltage is then pro- 
vided as the output of the readout cell indicated as V^^ on 
line 214 in FIG. 3A. 

60 Referring to FIG. 3B, the readout cell 100 is illustrated 
employing offset correction circuitry for compensating for 
nonuniformities in the detector elements in the array of FIG. 
2. The readout circuitry of FIG, 3B common to that of FIG. 
3A operates in the manna: described above and a detected 

65 voltage Vp is provided at node 210 as described above. This 
voltage will vary from pixel to pixel, however, even for a 
uniform scene and hence umform IR input to all the 



13 

microbolometer elements 200 due to inherent nonuoiformi- 
ties in processing of the microbolometer array. Such non- 
uniformities are compensated for by offset correction circuit 
220 which is coupled to node 222 and causes a suitable 
amount of charge to be subtracted from (or added to) sample 
and hold capacitor 212 such that an offset corrected output 
voltage V^,is provided. That is, the offset correction circuit 
220 provides a corrected output voltage V^„, at node 222 
given by the following: 

V^V^Voc^\r~V^^y^V^ if v-=v,=o 

where is the voltage offset correction due to circuit 220. 

In a preferred implementation, as illustrated in FIG. 3B, 
the offset correction circuit 220 includes a plurality of 
parallel coupled capacitors 224. Capacitors 224 are coupled 
between output node 222 and a reference node 226 main- 
tained at an offset reference voltage V^y, via respective 
switches 228. Switdies 228 receive the binary offset cor- 
rection coefficients So-S^^ described above to select the 
specific capacitors 224 which are coupled into the offset 
correction circuit 220. Each capacitor 224 which is coupled 
to node 222 by virtue of the corresponding switch 228 being 
closed will subtract (or add) a voltage from (or to) node 222 
corresponding to the difference between and and the 
capacitance of the capacitor 224. The respective capaci- 
tances of c^adtors 224 are illustrated in FIG. 3B as Cq-Cn 
and are preferably chosen such that each capacitance is 
double that of the previous capacitor in the network; i.e. the 
capacitance of the Nth c^adtor is 2^Co- Th^ is, the 
capadtors Co-C;^ ^^^^ following values: 

Co, 2Co, 4Co . . . 

Thus, for example, for N=4, the offset compensation net- 
work will have 16 discrete and uniform offset values cor- 
responding to the binary value of the four offset coefScients 
SqSj^. By adjusting these capacitance values as well as 
optionally the voltage V^f, the discrete step size of voltage 
correction corresponding to each capadtor which is 
switched into the network may be controlled In this way, a 
substantially uniform signal can be provided at V^„, for each 
detector element when the detectors are uniformly 
illuminated, thereby correcting for nonuniformities in the 
individual detector elements 200. This stepwise correction 
of detector voltages to a uniform value for a uniform IR 
scene is illustrated in FIG. 7, discussed below. 

As further shown in FIG. 3B, the offset correction circuit 
220 is coupled to the node 222 throu^ switch 230 which is 
responsive to the signal OFFSET provided along line 136. 
The control signal offset maintains the OFFSET correction 
circuit 220 disconnected from node 222 until the sampled 
voltage V^, stabilizes at node 210 and the microbolometer 
detector is disconnected from node 210 by opening the 
sample switch 208. The signal OFFSET provided along line 
136 then closes switch 230 to couple the offset correction 
network circuit 220 to node 222 and thereby subtract (or 
add) ttie desired charge from sample and hold c^acitor 212 
to provide the offset corrected voltage V^, along line 214. 
This offset switch 230 is momentarily closed and then 
opened to subtract (or add) charge from the san^)le and hold 
capadtor. It will be appreciated by those skilled in the art 
that the offset switch 230 is held closed a suffident time to 
allow the voltage at node 222 to settle. 

As further shown in FIG. 3B, the offset correction ciroiit 
220 receives control signal S-RST provided along line 134 
to reset switch 232. Reset switch 232 serves to discharge (<»* 
precharge) capacitors 224 to the offset reference voltage 
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prior to coupling the offset correction circuit 220 to node 
222. The reset is primarily necessary to remove any residual 
charge from capacitors 224 in situations where circuit 220 is 
shared between plural readout cells or to reset these capaci- 

5 tors and remove any residual charge from the previous 
san^le of the detector voltage. 

Referring to FIG. 3C, a modified readout ceil 100 is 
iQustrated which provides additional offset correction capa- 
bilities. In FIG. 3C, the components with like numerals 

10 correspond to Ihe same siructure as described above in 
relation to FIGS. 3A and/or 3B. 

The additional structure provided in the readout cell 100 
of FIG. 3C is an output amplifier 240 which is coupled to 
node 222 at one input thereof via a select switch 242. The 

15 other input to the differential an^)Mer 240 is coupled to an 
adjustable voltage V^^^, provided along line 244. The 
differential axnpU&a: 240 includes a feedback loop including 
feedback capacitor 246 and a reset switdi 248 which 
receives the control signal RST, coupled in parallel with the 

20 feedback capacitor. The feedback capacitor 246 as well as 
the voltage can be adjusted to vary the gain of the 
ampU&er 240 as well as to remove a DC voltage level from 
the voltage at node 222. More specifically, the gain of the 
amplifier 240 is proportional to flie ratio of the capacitance 

25 of the sample and hold capacitor 212 to that of the feedback 
capacitor 246 (i.e. Cg^Cp-^), The voltage amplified in turn 
will be the difference between the corrected voltage at node 
222 (i.e. V^^tV^) and the voltage along line 244 (i.e.. 
y offset) ^offset ^ adjustcd to remove variations in 1^^^ 

30 or temperature variations in the detector unrelated to inci- 
dent IR radiation. may be adjusted during initial 
calibration of the detector or during subsequent calibrations 
under microprocessor control. Thus, the amplified output 
signal V^„j is given by the following: 

The amplified output voltage V^„,is suppUed along line 250 
as illustrated in FIG. 3C 
The anaplifier 240 along with the feedback capacitor 246 

40 and adjustable voltage V^^^thus provide additional ability 
to correct for nonuniformities and other undesired variations 
introduced in the readout cell 100 after fabrication. 

Referring to FIG. 4. an alternate embodiment of the 
readout circuitry for the focal plane array is illustrated 

45 employing shared offset correction and readout circuitry for 
eadi column of the NxM array of detector elements 200 
(only two columns are iEustrated for clarity of illustration). 
The embodiment of FIG. 4 may generally be preferred in 
applications where tfie amount of integrated circuit area 

50 available for the readout circuitry immediately adjacent the 
individual detector elements 200 is limited. For example, in 
an embodiment employing the microbridge microbolometer 
elements 200. the fabrication of such microbridge structures 
makes it desirable to minimize the amount of readout 

55 circuitcy underlying or immediately adjacent to the indi- 
vidual detector elements 200. In this situation, the embodi- 
ment of FIG. 4 allows the readout and offset correction 
circuitry to be primarily located outside of the array of 
detector elements 200 as generally illustrated in FIG. 4. 

60 Although the column select logic, row select logic, output 
MUX logic and offset correction logic discussed above in 
relation to FIG. 2 is not illustrated in FIG. 4, it will be 
appreciated from the discussion in relation to FIG. 2 that 
such circuitry may also be configured outside of the array of 

65 detector elements 200 in the enabodiment of FIG. 4. One 
preferred example of such a layout on an integrated circuit 
is illustrated in FIG. 8. 
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The embodiment of FIG, 4 provides offset correction 
circuitry and readout circuitry which is shared in a time 
multiplexed manner for each column of the N by M array of 
detector elements 200. This time multiplexed q)eration of 
the readout circuitry and offset correction circuitry of FIG. 
4 may be best predated in conjunction with an exemplary 
timing sequence as illustrated in FIG. 5A-5K. 

Referring to FIG. 4 and FIGS. 5A-5K, as the respective 
CS and RS signals are supplied to the switches 110 and 112 
in a given column and the signal SAMPLE provided along 
line 132 is asserted, the detected voltage at the correspond- 
ing detector element 200 appears at node 210. After the 
detected voltage at node 210 has stabilized* the signal 
SAMPLE is deasserted holding Vjy at node 210, and hence 
node 222, through sample and hold capacitor 212. The signal 
OFFSET provided along hne 136 from offset correction 
logic 130 is then asserted which closes switch 230 coupling 
the offset correction circuit 220 to node 222 of tiie readout 
drcuitry. Offset correction circuit 220 subtracts (or adds) 
charge from san^le and hold capacitor 212 to provide the 
offset corrected voltage at node 222 in a manna* as described 
above in relation to FIG. 3B. (At some point prior to 
assertion of the OFFSET signal, the values on the capacitors 
in offset correction drcuit 220 will have been reset to the 
offset reference voltage by assertion of S-RSTT along line 
134, as shown in FIG. 5F). The appropriate value of the 
offset correction provided by offset correction circuit 220 
will be controlled by the offset correction data bits as Sq-S^^ 
which are provided along line 138 and latched into the offset 
correction circuit switches by latch 260 under control of 
offset correction logic 130. In the exanaple of FIGS. 5G-5J, 
the binary offset coeflSdent is 1011 corresponding to the 
second switch open and the others closed in the offset 
correction circuit 220. Such offset correction coeffidents 
will be selected in a manner to adjust the voltage at node 222 
to a desired corrected ouq>ut voltage which compensates for 
the nonuniformities in the detector elements 200. 

The voltage on node 222 is then supplied to the output 
an^)liiier 240 by assertion of the signal SELECT provided 
along line 124 (from offset correction logic 130) and ^plied 
to switch 242. At this time, the RST s^nal input to the 
switch 248 will be deasserted allowing the gain of an^Mer 
240 to be set by a feedback capacitor 246 with the an^Med 
value bdng determined by the difference between the volt- 
age on node 222 and V^^^^ V^^^ in turn in general will be 
the same for each column or will be set differently in each 
column in the array, for example, to adjust for differences in 
bias current l^,^^ in eadi column. The output of the ampMer 
240 is supplied to ou^ut buffer 106 which in turn supplies 
the offset corrected output voltage along output line 20 when 
switch 122 is closed under the control of the signal SELECT 
provided by output MUX logic 120 (refemng to FIG. 2). 
The SELECT signals applied to switches 242 and 122 for a 
given column may be the same signals or may be different 
if multiple columns are enabled at the same time and then 
sequentially read out of via ou^ut buffers 106. 

The above described readout sequence in relation to 
FIGS. 4 and 5A-5K corresponds to readout of a single pixel 
of the focal plane array. It will be appreciated this sequence 
is rq)eated with the offset coefficient values Sq-S^ varying 
to provide offset correction separately for each detector 
element in the array. For exanq)le, referring to FIGS. 
6A-6G, the changing values of S0-S3 are illustrated along 
wiA tiie signals LINE SYNC and MSTR CLK, for a series 
of 20 pixels. As shown, the provision of the offset coeffi- 
dents S0-S3 provided from the offset coefScient memory 
(shown in FIG. 1) provides 20 separate binary offset coef- 
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ficient values corresponding to the 20 consecutive pixels 
read out of the array by the readout circuit of FIG. 4. As 
illustrated by the LINE SYNC signal in 6(b) beginning the 
sequence of 20 pixels, such 20 pixels may correspond to the 

5 first 20 pixels in a given row of the focal plane array. Since 
the coefficients are latched, as discussed in relation to FIG. 
4, a new coefficient value may be provided at every MSTR 
CLK half period even though the readout sequence 
described above may be delayed by several clock cycles. 

10 Referring to FIG. 7, the corresponding discrete offset 
corrections provided by 10 distinct offset correction coeffi- 
cients for 10 consecutive pixels in a row of the focal plane 
array are illustrated For example, as illustrated by the values 
P5 3 . . . 3 these may correspond to 10 pixels in row 3 of 

15 the array ranging from the 5th to 14th pixel. As may be seen, 
the different offset coefficients provide discretely varying 
corrections to the analog detection voltage (V^,) which 
approximately adjust the sampled and held voltage to the 
normalized value illustrated by the dashed line in FIG. 7. 

20 Each of tiiese pixels is presumed to be illuminated by a 
uniform IR input ccaxesponding to a uniform scene imaged 
by the focal plane array. Therefore, a voltage V^' illustrated 
by the dashed line in FIG. 7 corresponds to a desired uniform 
voltage from each pixel in response to the uniform scene 

25 after the discrete offset correction. 

Referring to FIG. 9, an embodiment of the bias current 
source 202 is illustrated in a preferred MOS embodiment of 
the readout cell illustrated in FIG. 3A. 

As shown in FIG. 9, the bias current Ij,^ is provided by 

30 a MOS transistor 300 which received a fixed bias voltage 
^bias provided along line 302 to the gate thereof. The MOS 
transistor 300 may be operated in die saturation region such 
that the current is substantially constant despite varia- 
tions in the detector voltage developed across R^^. The 

35 switches 203, 204 and 208 described above in relation to 
FIG. 3A are also preferably fabricated as MOS transistors 
with the corresponding signals CS, RS and SAMPLE 
applied to the gates thereof. 

Accordingly, it will be appreciated that the circuit of FIG. 

40 9 provides an easily implemented implementation of the 
circuitry described above in relation to FIG. 3A suitable for 
a MOS or CMOS implementation. Other implementations 
including CMOS, BIPOLAR or BiCMOS may also be 
en^)loyed, however, as will be ^predated by those skilled 

45 in the art. 

Referring to HG. 10. an alternate embodiment of the 
offset correction circuit 220 is illustrated. The embodiment 
of FIG. 10 employs a plurality of constant current sources 
400 which are coupled in parallel and which are selectively 

50 connected to the node 222 (described in more detail above 
in relation to FIGS. 3B and 3C) by switches 228. As in the 
case of the embodiment described above in relation to FIGS. 
3B and 3C, the switches 228 are selectively activated by the 
signals Sq-S^v whidi correspond to the stored offset correc- 

55 tion coefficients. 

The operation of the embodiment of FIG. 10 and the result 
achieved is substantially the same as that described above in 
relation to FIG. 3B. That is, in response to the binary offset 
correction coefficients supplied from the offset coefficient 

60 memory (shown in FIG. 1), the signals Sq-Sa^ are applied to 
switches 228 to open or close the respective switches to 
couple the selected constant current sources 400 into the 
offset correction circuit 220. The constant cuurent sources 
coupled into the circuit wiU draw a fixed amount of current 

65 from the sample and hold capacitor 212; i.e. a fixed amount 
of charge per unit of time. The switdies 228 are closed for 
a time period corresponding to the desired amount of diarge 
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to be removed from capacitor 212 to correct the voltage to 
compensate for the offsets. The offset switch 230 is then 
opened and the corrected voltage at node 222 is provided as 
V^„^ as in the case of the previously described embodiment 
It will be appreciated that the embodiment of FIG. IQ, 
while providing the same basic operation as the embodiment 
of FIG. 3B. potentially can provide even finer discrete 
adjustments to the analog detection signal V^^ by adjusting 
the time which the switdies 228 are held closed, which time 
miay be any integral number of the period of the MSTR CLK 
signal. 

Referring to FIG. 11* yet another embodiment of the offset 
correction circuit of the present invention is illustrated. The 
embodiment of FIG. 11 is primarily adapted for use with a 
microbolometer uncooled type focal plane array. In the 
embodiment of FIG. 11, offset corrections to the san^led 
voltage across the microbolometer 200 are provided by 
adjusting the bias current 1^,^^ This adjustment to I^^^ is 
achieved by coupling additional constant current sources 
500 in parallel with primary constant current source 202. 
More specifically* since the voltage across the microbolom- 
eter detector element 200 is given by 

differences in R£> may be adjusted by adding more current to 
hu2s t>y switching into the readout circuit additional bias 
current sources 500. As in the previously described 
embodiments, to be compatible with a binary representation 
of the offset correction value required in terms of the 
coefficients Sq-Sj^, preferably the bias currents I^j-I^ will be 
constructed in sudi a manner as to provide a repeated 
doubling of bias current which can be coupled into the 
circuit That is, the N bias currents I^-I^ will be, respec- 
tively: 

/o, 2/0. 4/0, 8/0, . 2% 

Referrii^ to FIG. 12, yet another embodiment of a readout 
cell 100 is illustrated employing offset correction circuitry. 
The embodiment of FIG. 12 employs a voltage biasing of the 
microbolometer detector element 200 as opposed to the 
current biasing approach described in the previous embodi- 
ments. In the embodiment of FIG. 12, a fixed bias voltage 
^bzas C^t^ias-^-^j^ ^ provided across the microbolom- 
eter detector element 200. The detected signal is then 
provided by the current through the detector Ijy given by: 

Nonuniformities in the detector elements 200 will give 
rise to a difference in the detector current I^^ between 
detector elements in response to a unfform temperature 
scene. In the embodiment of FIG. 12, the deviation in the 
analog detected current due to such ununiformities is com- 
pensated by adding additional currents Iq-^n provided from 
constant current sources 600. These constant current sources 
600 are selectively coupled into the circuit 220 by switches 
610 which receive the control signals Sq-S^ which corre- 
spond to stored binary offset correction values in the same 
manner as the above described embodiments. A corrected 
detector current is provided at node 620 indicated as I^^ in 
FIG. 12. In order to be readily coirq)atible with a binary 
representation of the offset correction value for each detector 
element the constant current sources 600 are preferably 
designed to have a increasing value as follows: 

/o. 2/0, 4/0, 8/0 . 2^/0. 

The output current from node 620 is provided to a circuit 
630 for converting the output current to an output voltage 
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V^„^ Id the illustrated embodiment of FIG. 12, the circuit 
630 is a reset integrator operating as a form of transiir^e- 
dence amplifier. The circuit 630 includes a differential 
amplifier 632 with the offset corrected current provided 

5 to a first input thereof and a reference voltage V^^ coupled 
to the second input thereof. The feedback in turn is provided 
by a feedback capacitor 634. A reset switch 636 is also 
provided to reset the amplifier 632, in particular where 
circuit 630 is shared between a plurality of detector elements 

jQ in a time multiplexed manner. 

It will be appreciated by those skilled in the art that 
additional embodiments of a current to voltage conversion 
circuit 630 may be in^lemented including a more conven- 
tional transimpedence circuit employing a feedback resistor. 

j5 The embodiment illustrated in FIG. 12 is preferred, 
however, for VLSI implementations due to the difficulty in 
implementing large resister values accurately and uniformly 
in VLSI circuits. 

While the foregoing detailed description of the invention 

2Q has been provided in terms of specific embodiments and 
specific circuit implementations, it will be ^predated by 
those skilled in the art that such are merely illustrative in 
nature and a variety of modifications may be made while 
remaining within the scope of the present invention. 

25 Accordingly, the present invention should not be limited to 
the aforedescribed preferred embodiments. 
/ What is claimed is: 

/ 1. An infrared imaging system, comprising: 
an infrared focal plane array comprising: 
30 a plurality of iiifrared detector elements arranged in an 
array; 

a readout circuit electrically coupled to the plurality of 
detector elements and comprising means for biasing 
the plurality of detector elements so as to provide 
35 separate detection signals corresponding to each 

detector element in the array, in response to incident 
infirared radiation and means for separately correct- 
ing offsets in the detection signals Provided from the 
plurality of elements in the detector array to com- 
40 pensate for nonuniformities in the detector elements, 

wherein said means for correcting comprises: 
a correction circuit including a plurality of^araUel 

connecte^ circuit elements; and 
means for selectively electrically connecting said 
45 circuit elements into the detector readout circuit in 

response to stored offset correction values; and 
output means for providing the corrected detection 
signals as an ou^ut of the focal plane array; 
means for storing a plurality of offset correction values 
50 corresponding to the plurality of detector elements; and 
means fca- providing the offset correction values to said 
means for correcting. 

2. An infrared imaging system as set out in claim 1, 
wherein said plurality of parallel connecte3circuit elements 

55 comprise a plurality of capacitors. 

3. An infrared imaging system as set out in claim 2, 
wherein said capacitors have capacitances of 2^Co* 
respectively, where Q, is a fixed c^adtance and N is a 
nonnegative integer. 

60 4. An infrared imaging system as set out in claim 3, 
wherein there are four capadtors having respective capaci- 
tances of Co, 2Co, 4Co and SCo- 

5. An infrared imaging system as set out in claim 1, 
wherein said means for selectively connecting comprises a 
65 olurality of switdies, equal in number to said plurality of 
Iparalld connecte^drcuit elements and connected in series 
Therewith. 



19 

6. An infrared imaging system as set out in claim 1, 
wherein said offset correction values are binary values and 
wherein said means for storing comprises a digital memory. 

7. An infrared imaging system as set out in claim 6, 
wherein said digital memory stores a separate binary offset 
correction value for eadi detector element in the array. 

8. An infrared imaging system as set out in claim 1, 
wherein said plurality of detector elements are arranged in a 
plurality of rows and columns and wherein said means for 
correcting comprises a separate offset correction circuit for 
each column and wherein said means for providing said 
offset correction values provides said offset correction val- 
ues in a time multiplexed mannea* to said means for correct- 
ing. 

9. An infrared imaging system as set out in claim 1, 
wherein said plurality offparallel connectemcircuit elements 
comprise a plurality of constant current sources. 

10. An infrared imaging system as set out in claim 9, 
wherein said current sources provide substantially constant 
currents of 2^, respectively, when coupled into said read- 
out circuit by said means for selectively connecting, where 
Iq is a fixed current value and N is a nonnegattve integer. 

11. An infrared imping system as set out in claim 10, 
wherein there are four constant current sources providing 
substantially constant currents of J^. 2Io* 41^ and SIq- 

12. An infrared imaging system as set out in claim 1, 
wherein said array of detector elements and said readout 
circuit are formed as a single monolithic integrated circuit 
diip. 

13. An infrared imaging system as set out in claim 1, 
wherein said plurality of detector elements con^^rise 
microbolometer detector elements. 

14. An infrared imaging system as set out in claim 13, 
wherein said means for biasing comprises a constant current 
source coupled to said microbolometer detector elements. 

15. An infrared imaging system as set out in claim 13, 
wherein said means for biasing comprises a fixed voltage 
source coupled to said microbolometer detector elements. 

16. An infrared imaging system as set out in claim 15, 
wherein said means for correcting comprises a plurality of 
substantially constant current sources selectively coupled to 
said voltage source and in parallel with said microbolometer 
detector elements. 

17. An infrared imaging system as set out in claim 16, 
wherein said means for correcting further comprises a 
plurality of switches coupled in series with respective con- 
stant current sources. 

18. An infrared imaging system as set out in claim 17, 
wherein said offset correction values comprise an on or off 
signal supplied to each of said switches. 

19. An infrared imaging system as set out in claim 1, 
wherein said output means comprises one or more ou^ut 
buffers. 

20. An infrared imaging system as set out in claim 1, 
wherein said focal plane array further con^rises a differen- 
tial an^lifier with first and second inputs wherein the first 
input is electrically connected to the readout circuit so as to 
receive the detection signals and wherein the second input is 
connected to an adjustable reference voltage. 

21. An infrared imaging system as set out in claim 1, 
further comprising timing means for providing focal plane 
timing signals to said readout circuit. 

22. An infrared imaging system as set out in claim 21, 
wherein said readout circuit further comprises offset correc- 
tion logic means for controlling the means for correcting in 
response to said timing signals provided from the timing 
means. 
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23. An infrared imaging system as set out in claim 22, 
wherein said offset correction logic means receives said 
offset correction values from said means for storing and 
provide them to said means for correcting in response to said 

5 timing signals. 

24. An infrared imaging system as set out in claim 1, 
further comprising means, coupled to said output means, for 
analog to digital converting the corrected detection signals 
and providing corresponding image data for each detector 

10 element. 

25. An infrared imaging system as set out in claim 24, 
further comprising a memory for tenrporarily storing image 

corresponding to all the detector elements of the array. 

26. An infrared imaging system, con^)rising: 
15 an infrared focal plane array comprising: 

a plurality of infrared detector elements arranged in an 
array; 

a readout circuit electrically coupled to the plurality of 
detector elements and comprising a plurality of read- 
me out cells equal in number to the pliiality of detector 
elements, means for biasing the plurality of detector 
elements so as to provide separate detection signals 
corresponding to each detector element in the array, 
in response to incident infrared radiation and means 
25 for separately correcting offsets in the detection 
signals provided from the plurality of elements in the 
detector array to compensate for nonuniformities in 
the detector elements, wherein said means for cor- 
recting comjHises an offset correction circuit in each 
30 readout cell of the readout circuit and wherein each 
offset correction circuit comprises a plurality of 
Tparallel connectedjcircuit elements and means for 
selectively electrically connecting said circuit ele- 
ments into the readout cell in response to a stored 
35 offset correction value corresponding to said readout 
cell; and 

ou^ut means for providing the corrected detection 
signals as an output of the focal plane array; 
means for storing a plurality of offset collection values 
corresponding to the plurality of detector elements; and 
means for providing the offset correction values to said 
means for correcting. 
J 27. An infrared focal plane array, comprising: 
45 a plurality of detector elements configured in a two 
dimensional array; and 
a readout circuit electrically coupled to said plurality of 
detector elements and structurally integrated therewith, 
said readout circuit comprising: 
50 a san:q)le and hold capacitor; 

means for biasing the detector elements so as to provide 
an analog detection signal from each detector ele- 
ment corresponding to the infrared radiation incident 
tha:eon, wherein the analog detection signal is a 
55 voltage signal provided at a sample node coupled to 

the sample and hold capacitor; and 
means for correcting the analog detection signal from 
each detector element by a discrete offset correction 
and providing a corrected analc^ detection signal, 
60 wherein the discrete offset correction varies from 

detector element to detector element and conq)rises 
an offset correction voltage added to, or subtracted 
from, the analog detection signal, wherein said 
means for correttog subtracts or adds a variable 
65 amount of chaise from said sanq)le and hold capaci- 

tor to provide a corrected voltage signal at said 
sample node, and wherein said means for correcting 
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comprises a plurality of 



circuit elements 
connected 

between said sample node and a reference voltage 

and a onresponding plurality of switdies coupied in 

series with eadi respective{c^acit<^ 

circuit elements ^ -a ^ 
and said refer- 
ence voltage, wherein said plurality of switches are 
selectively turned <hi or off to provide a desired 
amount of discrete offset collection f each detector 
element 

28. An infrared focal plane array as set out in claim 27, 
wherein said readout circuit further con^ises means for 
controlling said means for collecting so as to selectively 
open and close said plurality of switdies in a time multi- 
plexed mann^ during readout of a plurality of sq)arate 
detector dements. 

29. An infrared focal plane array as set out in claim 27, 
wherein said detector dements comprise microbolometer 
detector dements. 

30. An infrared focal plane array as set out in claim 29, 
wherein said means for said biasing coir^rises a constant 
current source coupled to said microbolometer detects 
dements and said sample and hold capadton 

3L An infrared focal plane array as set out in claim 27, 
wherein said readout circuit further con^iases a differential 
aii^>Mer having first and second inputs, the first input 
thereof coupled to said sanqjie node and said second input 
thereof coupled to a adjustable voltage source. 

32. An infrared focal plane array as set out in claim 31, 
wherein said readout circuit further comprises a feedback 
capacitor coupled baween the ou^ut of the differential 
amplifier and said first input th^eof. 

33. An infrared focal plane array as set out in claim 32, 
wherein said readout circuit further comprises a switch 
coupled between and parallel with said feedback capacity 
between the output of the differential anq>lifier and the first 
input thereof. 



34. An infrared focal plane acray as set out in claim 27 
wherein said plurality of detector elements and said readout 
circuit are formed as a single monolithic integrated circuit 
wherein said readout circuit acts as a substrate for said 
5 detector elements. 

/ 35. An infrared focal plane array, comprising: 
a plurality of detector elements configured in a two 

dimensional array; and 
a readout circuit electrically coupled to said plurality of 
10 detector elements and structurally integrated therewith, 
said readout circuit con^rising: 
a sample and hold c^dtor; 

means for biasing the detector elements so as to provide 
an analog detection signal from each detector ele- 
ment coiresponding to the infrared radiation incident 
thereon, wherein the analog detection signal is a 
voltage signal provided at a sample node coupled to 
the sample and hold capacity; and 
means for correcting the analog detection signal from 
each detector element by a discr^e offset correction 

20 and providing a corrected analog detection signal, 

wherein the discrete offset correctioa varies from 
detector element to detector element and comprises 
an offset correction voltage added to, or subtracted 
from, the voltage signal, wherein said means for 

25 correcting subtracts or adds a variable amount of 

charge from said sample and hold capacitor to pro- 
vide a collected voltage signal at said sample node, 
and wherein said means for correcting conqjdses a 
plurality of [parallel connected] constant current 

30 sources connected between said sair^le node and a 

reference voltage and a plurality of switches corre- 
sponding to said plurality of constant current sources 
and respectively coupled in scries therewith. 



36. An infrared imaging system as set out in claim 



1, wherein said plurality of circuit elements 


are 


parallel connected . 

37. An infrared imaging system as 


set out 


in claim 


26 r wherein said plurality of circuit 


elements 


are 


parallel connected . 

38. An infrared imaging system as 


set out 


in claim 


27, wherein said plurality of circuit 


elements 




comprise capacitors. 

39. An infrared imaging system as 


set out 


in claim 


35, wherein said plurality of circuit 


elements 


are 



parallel connected . 
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^ REISSUE APPLICATION DECLARATION BY THE INVENTOR 

Docket No. 901.0013USU 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are stated below next to my name. I 
believe I am an original, first and joint inventor of the subject matter which is described 
and claimed in patent number 5,811,808 , granted September 22. 1998 . and for which a 
reissue patent is sought on the invention entitled 

INFRARED IMAGING SYSTEM EMPLOYING ON-FOCAL PLANE NONUNIFORMITY 

CORRECTION 

The specification of which 
is attached hereto. 

XXX was filed on September 21, 2000 as reissue application number 09/667,826 and 
was amended on . 



I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as 
defined in 37 CFR 1.56. 

I verily believe the original patent to be wholly or partly inoperative or invalid, for the 
reasons described below. (Check all that apply). 

by reason of a defective specification or drawing. 

XXX by reason of the patentee claiming more or less than he had the right to claim in 
the patent. 

by reason of other errors. 

At least one error upon which reissue is based is described as follows: 

Independent claims 1, 26 and 35 included language, i.e., "parallel connected" that is not 
required for patentability. 

Independent claim 27 included language, i.e., "capacitors,' that is not required for 
patentability. 
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All errors corrected in this reissue application arose without any deceptive intention on 
the part of the applicant. As a named inventor, I hereby appoint the following attorney(s) 
and/or agent(s) to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith. 
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I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are stated below next to my name. I 
believe I am an original, first and joint inventor of the subject matter which is described 
and claimed in patent number 5,811,808 , granted September 22, 1998 , and for which a 
reissue patent is sought on the invention entitled 

INFRARED IMAGING SYSTEM EMPLOYING ON-FOCAL PLANE NONUNIFORMITY 

CORRECTION 

The specification of which 
is attached hereto. 



XXX was filed on September 21, 20Q0 as reissue application number 09/667,826 and 
was amended on . 



I have reviewed and understand the contents of the above-identified specification, 
Including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as 
defined in 37GFR1.56. 

I verily believe the original patent to be wholly or partly inoperative or invalid, for the 
reasons described below. (Check all that apply). 

by reason of a defective specification or drawing. 

XXX by reason of the patentee claiming more or less than he had the right to claim in 
the patent. 

by reason of other errors. 

At least one error upon which reissue is based is described as follows: 

Independent claims 1, 26 and 35 included language, i.e., "parallel connected" that is not 
required for patentability. 

Independent claim 27 included language, i.e., "capacitors,' that is not required for 
patentability. 
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IH m UKITED SmSS PAim AND ISADEMftfiK OFSIC£ 



applicants: 



Cannata et al. 



Patent Ho, : 



5,811,808 



INfaARED JtsaGtUG sySTEM SMPLOYIKG OM-FOCai. PLANE 
NOJJUNXrORMITY CORRECTION 



Issue Date: 



22 S^-P 1998 



Docket Wo. : 



9O1.0013USU 



gTATKMBMT UHDBR 37 C,F>g. 3,73(b> 
ESTftBLlSHINg RIGgy OF ASSIC^TEE TO CTOB ACTION 



3ox: REISSOB 

Assistant CPirenissioner £or Patents 
Washington* O-C, 20231 

Dear Sir: 

ftmbex- Snoinft^incr^ Inc. , a ^i>rporatiofi with a principXe place ot 
business at 5736 Thpgnwood Drive, QoXM»., CaliJCOgnxa ^3117 / 5tat.es 
that it 15; 

1, x_ tho assignee or th* entire right/ title and int^rssi:; cr 

2- an assignee of an undivided part interest 

m t:^.e patient identified atocve by virtue of an ©saigranent 5rom tba 
inventor (&) of the patent identified above. The assigrment was 
recorded xn the U,S. ?atent and Trademark Office at Re=i Q22£, sramc 
0229, which a copy thereof is attached. 

The undersigned (v?i04e title supplied below) i3 croowered to sign 
this statement cn behalf of the assignee. ^ 



Datd 




CO 




flmber Engineering^ Inc, 



Assignee 



EH 186841484 US 



PATENT 
14064.00010 



ASSIGNMENT 



The undersigned in consideration of the sum of one dollar ($1.00) and other good and valuable 
considerations paid to the undersigned, agrees to assign, and hereby does assign, transfer and set over to Amber 
Engineering, Inc., with a principle place of business at 5756 Thomwood Drive, Goleta, California 93117 
(hereinafter designated as the Assignee) the entire worldwide right, title and interest in the application for patent 
entitled "INFRARED IMAGING SYSTEM EMPLOYING ON-FOCAL PLANE NONUNIFORMITY 
CORRECTION", and all continuations, reissues and divisionals thereof. 

(1) The undersigned agrees to execute all papers necessary in connection with the application and any 
continuing, reissue or divisional applications thereof and also to execute separate assignments in connection with 
such applications as the Assignee may deem necessary or expedient. 

(2) The undersigned agrees to execute all papers necessary in connection with any interference which may 
be declared concerning this application or continuation or division thereof and to cooperate with the Assignee in 
every way possible in obtaining evidence and going forward with such interference. 



(3) The undersigned agrees to execute all papers and documents and perform any act which may be 
necessary in connection with claims or provisions of the International Convention for Protection of Industrial 
Property or similar agreements. 

(4) The undersigned agrees to perform all affirmative acts which may be necessary to obtain a grant of 
a valid United States patent to the Assignee. 

(5) The undersigned hereby authorizes and requests the Commissioner of Patents to issue any and all 
Letters Patents of the United States resulting from said application or any divisions or continuing applications thereof 
to the said Assignee, as Assignee of the entire interest, and hereby covenant that they have full right to convey the 
entire interest herein assigned, and that they have not executed and will not execute, any agreement in conflict 
herewith. 



(6) The undersigned hereby grants DAVID L. FEHRMAN, Registration No. 28,600; DAVID L. HENTY, 
Registration No. 31,323; WILLIAM L ROBINSON, Registration No. 29,430; STUART L. MERKADEAU, 
Registration No. 33,262; DAVID B. ABEL, Registration No. 32,394; HISAKO MURAMATSU, Registration No. 
34,955; BRIAN M. BERLINER, Registration No. 34,549; DAVID J. MEYER, Registration No. 33,425, 
MITCHELL P. BROOK, Registration No. 32,967; LAWRENCE W. GRANATELLI, Registration No. 32,228; 
VINCENT J. BELUSKO, Registration No. 30,820; ROBERT DESMOND, Registration No. 38,430; MINDA 
SCHECHTER, Registration No. 38,296; MARCUS DELGADO, Registration No. 38,122; and N. KENNETH 
BURRASTON, Registration No. 39,923 the power to insert on this assignment any further identification which may 
be necessary or desirable in order to comply with the rules of the United States Patent and Trademark Office for 
recordation of this document. 



Date: Jtpf W j} ^llhJ^ (^A/W^^tk (seaL) 

Robert F. Cannata 
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